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Climate variability is an important subject to study. It is the change of climate 
over a long time, which could have a positive or negative impact on humans, soil, and 
wildlife. Many environments, such as arid environment could be affected by climate 
variability. The research goal is studying and examining climate variability in arid 
environment. The research includes three different studies. 
The first study includes reviewing and understanding of climate variability over 
extended time through existing studies in arid environments. In addition, this study 
includes knowledge about climate negative or positive impact on the environment. This 
study will be reviewing previous studies about climate variability in different arid 
regions. 
The second study includes analyzing climate variability in Reno, NV. This study 
examines precipitation and temperature in Reno, NV from 1960 to 2019.  The study 
analyzes climate variability data over 60 years and analyzes climate events, such as 
temperature increase in Reno over the last decades. In addition, the study analyzes wet 
and dry years over the last 60 years. Moreover, the study has determined the change of 
rainfall amount over long period, which includes the maximum, minimum rainfall 




The third study presents the impact of climate variability on groundwater salinity 
in arid environment. In addition, this objective of this study is to analyze the change of 
salinity in Reno based on the collected data over the last decades. Moreover, analyzing 
the effect of climate variability on groundwater salinity change in Reno. Analyzing 






CHAPTER 1: INTRODUCTION 
This chapter will introduce information about arid environment, climate variability, and 
salinity in groundwater in arid environment.  
 
1.1 Arid and Semi-arid regions 
Aridity can be identified by the amount of precipitation and evaporation (Creswell, 
1998). Arid environment has specific features, such as water balance, soil, and 
precipitation. Arid and Semi-arid regions are located in different parts of the world as 
shown in Figure 1. For example, arid and semi-arid regions are located in part of Africa, 
North and South America, Asia, and Australia. Arid Regions have a higher temperature 
than other regions. In addition, arid regions receive a small amount of precipitation. 
Moreover, Semi-Arid regions experience lower temperature and higher precipitation than 
arid regions. The annual temperature has increased over time and the amount of annual 
rainfall average has decreased in arid regions, which could impact the environment 
(Prudhomme, 2002). Arid environment covers 41% of the land surface and there is a high 
number of people live in those areas (Huang, 2017). Global warming over last decades 
has caused aridity increase in the world, which is caused by the increase of temperature 







Figure 1. Arid and semi-arid zones in the world (FAO, 2021). 
 
  
1.2 Climate Variability  
Climate is the average condition of weather in different areas over a long term. 
Climate can be impacted by three climate variables. The first climate variables are the 
atmosphere, which includes air temperature, precipitation, evaporative demand, and wind 
speed. Second is Oceanic, such as sea level, Ocean acidity, carbon dioxide, and salinity. 
Third is Terrestrial, such as groundwater, river discharge, lakes, snow, and land cover. 
(Bojinski, 2014). Climate variables are connected and the change of one variable could 
impact the other variables. For example, increasing air temperature causes more 
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evaporation. Climate variability is the change of those variables over long time. 
Monitoring and analyzing climate data lead to understand climate variability.         
Climate variability is one of the most important topics that scientists have been 
analyzing and studying for long time. There are many studies about climate variability 
such as temperature change over long periods to understand climate behavior. The earth 
has faced negative climate variability impacts over time until recent years (Salinger, 
1998). Some of those impacts are caused by humans’ activities such as industrial growth, 
which is a major reason behind global warming increase (Change 2018). Climate 
variability could cause extreme climate events, such as sea level rise, warming oceans, 
water balance change, global temperature rise, and salinity increase, which can reduce 
water quality. (Archer, 2008).  
1.3 Groundwater in arid environment 
Groundwater is part of the water cycle as shown in Figure 3. It is defined as the 
water located underground between soil and rocks. People depend on groundwater for 
many activities such as drinking water, irrigation, industrial process (Famiglietti, 2014). 
Groundwater is one of the main water sources in many countries and the importance of 
groundwater increases in arid and semi-arid regions (Kemper, 2004). Climate variability 
could impact the amount of perception and temperature, which could impact groundwater 
balance in arid regions. The small amount of water resources in arid regions is a big issue 
that people and governments face for a long time. Climate viability plays an important 
role in that, which cost people a lot of money to reach water sources in those areas 
(Apaydin, 2009).  
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Figure 2. Water Cycle (USGS, 2021) 
 
1.4 Salinity in groundwater and soil 
Groundwater salinity level could be identified by the value of dissolved solids in 
water. Salinity can be measured as total of the compound TDS (Total dissolved solids), 
such as calcium and magnesium. Salinity in groundwater and soil is caused by two 
reasons. First is natural reason such as the rise of sea level, rainstorms, and flooding. 
Second is human’s activities, such as agriculture and land development (KRISHAN, 
2019). 
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The amount of salinity level has increased in arid and semi-arid regions (Williams, 
1999). The most global soil salinization hotspots are in Pakistan, China, United States, 
India, Argentina, and Sudan (Cuevas, 2019). High salinity level causes a negative impact 
on crops, animals, and human’s health. For example, salinity causes white crusty surface, 
stunted yellow plants, poor drainage, crusting, and reduced drinking water quality. Climate 
variability has an impact on groundwater salinity accumulation in soil and groundwater 
(Crown, 2021). Salinity can be impacted by rainfall amount and air temperature, which 
causes high evaporation. High-level salinity can harm people, wildlife, and soil. Water 
quality can change based on the total amount of total dissolved solids as explained in Table 
1.          






TDS mg/l Quality Rate 
Less than 300 Excellent 
From 300 to 600 Good 
From 600 to 900 Fair 
From 900 to 1200 Poor 
Above 1200 Unacceptable 
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1.5 Research Objectives 
The research goal is examining and analyzing climate variability in arid 
environment by meeting the following objectives: 
The research study objectives are: 
1- Reviewing and understanding climate variability through existing studies.   
2- Analyzing climate variability by examining precipitation and temperature over an 
extended time.  
3- Analyzing the impact of climate variability on groundwater and soil salinity. 
1.6 Overview of Dissertation 
There are five chapters included in this dissertation. First chapter includes a 
general introduction and background about the dissertation goal and objectives. Second 
chapter includes a review of existing studies about climate variability to provide an 
understanding of climate variability in arid environment in different locations. Third 
chapter includes examining and analyzing of climate variability in Reno, NV during the 
last six decades. Chapter four analyzes the effect of climate variability on groundwater 






Chapter 2. Literature Review of Climate Variability in Arid Environment 
 
Abstract 
 There are many types of climates such as humid and arid. Those climates have 
specific features such as temperature and precipitation, which change daily, monthly, and 
yearly. Those changes could impact human, soil, and wildlife. For instance, the increase 
and decrease of precipitation could impact water balance. In addition, temperature rate 
could affect weather pattern, oceans, and snow. Monitoring climate variability over time 
enables people to analyze past, current, and future climate events. That leads to understand 
precipitation and temperature events, which could cause aridity, water cries, and affect 
plant growth. Furthermore, that leads to understand the impact of climate on people health 
and economy. Chapter two includes reviewing and understanding of existing climate 
variability studies. 









 Climate variability plays an important role in the environment. Climate variability 
is the change of climate parameters over decades, such as air annual temperate and 
precipitation (Bojinsk, 2014). Studying climate variability in the past and monitoring 
long term climate data is an important need in every environment. Analyzing the past 
climate variability data enable people to understand extreme climate events, which 
provides more information about climate variability system. Therefore, analyzing climate 
variability data could help people to predict, design, build, and avoid problems that could 
be caused by climate variability (Brunet, 2011).  
Climate variability could have negative impacts on many things such as humans, 
nature, agriculture, and economy. The change of temperature and precipitation over long 
time could affect agriculture by reducing plants growth. Therefore, that could impact 
food production and economy (Reidsma, 2010). Climate variability accrues in different 
regions over time, which could impact people who live in those areas. The goal of this 
chapter is to provide climate variability review and understanding through existing 







2.1 Climate Variability Review  
Climate variability has been a global important subject. Global warming, water 
crisis, and climate extreme events have gotten human’s interests in the last decades. 
There has been climate variability in the last centuries, which caused global warming, 
flooding events, and drought. Climate variability could cause negative impacts on 
humans, economy, and agriculture. Those impacts made people question what is going to 
happen in the future (Salinger, 2005). Salinger states that, studying and analyzing climate 
variability in the past provides more knowledge and understanding about climate 
behavior, which could lead to predict climate variability in the future.  
Analyzing climate variability is also more important in high population arid areas, 
which has less amount of water. The increase of global warming and the poor rainfall are 
causing water crises in arid and semi-arid regions (Ragab, 2002). Ragab states that, the 
annual average temperature has increased in the world and that led to an increase of water 
evaporation especially in arid regions. That could impact water resources, such as 
groundwater, which is a main source of water in arid regions (Kemper, 2004). Humans, 
wildlife, and plants can get effected by climate variability and mentoring those climate 
variability s can lead to determining the future changes, which can help to determine the 
water needs before any water crises. 
 Climate variability negative impacts cause a stress to many countries. In Mexico, 
agriculture has been a main national food source in the country during the last decades. 
Maize has been the major agricultural plant, which fully depends on rainfall. However, 
climate variability has affected Mexican agricultural negatively. The country has 
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experienced drought increase, which is caused by rainfall decrease and temperature 
increase since 1913. That affected maize growth, which caused food and economic crises 
(Conde, 2006). That explains the importance of analyzing climate variability in the past 
to understand the previous negative impacts and to prepare for the future impacts.  
 Climate variability is also causing a negative impact on Philippine’s agriculture. 
Producing rice is one of the main agriculture activities in Philippines. However, rice 
production has been affected by rainfall amount decrease and temperature increase in 
Philippines from 1987 to 2016 (Stuecker, 2018). Rice has been eaten by many people and 
different countries. That shows, climate variability could impact water resources and 
cause global economic and food crises. Reviewing and analyzing climate variability in 
the past could provide more knowledge and understanding of climate variability negative 
impacts. 
Extreme climate events, such as flooding, are signs of climate variability. 
Flooding could cause infrastructure damage in urban environment. Globally, the total 
cost of extreme climate events was around $4 billion yearly during 1950’s. That cost has 
highly increased to $40 billion yearly during 1990’s (Freeman, 2001). Analyzing climate 
variability over extended time could help people to predict future extreme events and 





 2.2 Aridity   
Aridity describes dry, less water, and less moister lands. The amount of annual 
precipitation and temperature is what identify arid climate. Arid and semi-arid regions 
have less amount of rainfall and high temperature. The increase of temperature increases 
evaporation and transpiration; the sum of which is called evapotranspiration (ET). That 
process affects soil moisture and increases drought risk. The difference between arid and 
semi-arid regions could identified by the amount of annual precipitation. Arid regions 
receive less than 10 inches annual precipitation, while semi-arid regions receive 10 to 20 
inches annual rainfall (Maliva, 2012).  
 
Arid and semi-arid lands cover big part of Earth surface. Arid lands cover around 
11% of earth surface and semi-arid lands cover approximately 15% of earth land surface 
(Gaur, 2018). 
Aridity has increased in the last decades in many counties. The western side of the 
United States have faced aridity increase during 1990’s. The drought has increased 
around 50% in North America, which became severe in 2002 (Cook, 2004).  
Drought has increased in Australia in the last decades. Aridity has highly 
increased in Australia from 1997 to 2009. There is a big concern about future drought 
spread, which could impact water resources, agriculture, urban environment, and 
economy in Australia (King 2020).  
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Morocco has been impacted by temperature increase during 1990’s. Temperature 
has increased by 1.5 degrees in the last 30 years. In addition, the wet seasons have been 
impacted by 10% to 40% due to rainfall decrease. Based on climate variability studies, 
Morocco is expected to have drought increase during the next 20 years (Verner, 2018). 
Dryland area has increased by 10% in Iran from 1970s to 1990. The increases of 
the annual temperature and the decrease of precipitation have been behind the increase of 
aridity in Iran. There are arid and semi-arid areas in Iran; However, around 5% of semi-
arid land have become arid in the last 25 years due to the increase of aridity (Pour, 2020).   
   
2.3 Water Crisis in Arid Regions 
Water demand has increased globally, and the world depend on water as a main 
source of life. Water needs have increased in many regions, especially with population 
increase. In addition, the increase of industrial and agriculture growth caused water 
demand increase. However, climate variability and aridity increase caused water shortage 
around the world. Moreover, the rise of annual temperature and the decreased of rainfall 
have caused water crises in arid environment (Craig, 2019).  
 Water global demand has increased three times during the last five decades. 
About 500 million people face water crises and this number is expected to increase in the 
future. The increase of population causes water demand due to the agriculture and 
industrial growth. Many countries face bigger water crises and about 0.5 billion of people 
face water stress in those countries (Hanjra, 2010).  
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 Pakistan is one of the countries that faces water crisis. More than half of Pakistan 
is located in arid climate. Climate variability studies show an increase of temperature and 
decrease of rainfall in Pakistan. Water shortage has affected agriculture and food 
production in Pakistan. Water crisis has increased in the country due to the increase of 
population and agriculture demand (Asif, 2013). 
 Water stress has been an important subject in Cape Town, South Africa. Water 
crisis became critical during the last decades. Annual rainfall amount has decreased 
during the last 15 years and water balance has decreased in dams in 2017. The water 
balance in dams dropped 20%, which affected agriculture environment (Millington, 
2021).  
 Saudi Arabia is located in arid environment, and it is considered one of the driest 
countries in the world. Saudi Arabia depends on groundwater and seawater as water 
resources. Climate temperature has increased, and drought has affected more parts of the 
country. Therefore, water balance got effected by that, which caused water crises in that 
region (Alkolibi, 2002).  
 Northeastern area of Mexico is facing water supply shortage. Low annual 
precipitation has affected Northeastern Mexico between 1990s and 2013. The increase of 
population in semi-arid and arid parts of Mexico caused water demand increase. 
However, the dry weather and precipitation decreased cause water stress in the 




2.4 Climate Variability impact on groundwater  
Groundwater is one of the important water resources in the world. Many countries 
depend on groundwater pumping for drinking, irrigation, and daily activities. Arid and 
semi-arid regions have less amount of water, which cause a higher demand on 
groundwater. Climate variability has caused aridity increase, which is caused by 
temperature increased and rainfall decrease during the last four decades (Sheng, 2013). 
 India is one of the countries that uses groundwater for agriculture and drinking. 
Around half billion of people depends on groundwater in India. However, the Northern 
side of India has received less amount of precipitation during the last 20 years. That 
increased the demand on groundwater pumping in the North part, which faces water crisis 
due to climate variability and aridity increase (Joshi, 2020). 
 Burkina Faso is located in West Africa, which has experienced climate variability 
and aridity increase since 1970. Climate variability has impacted Burkina Faso during the 
last four decades, and the annual rainfall amount has decreases by 16%. In addition, the 
area has experienced an annual temperature rise, which causes evapotranspiration 
increase. Climate variability has impacted groundwater, which is a main water resource 
in Burkina Faso (Tirogo, 2016). 
     Saveh plain, Iran is located in an arid climate. Groundwater in Saveh plain is 
mostly used in agriculture and industrial environments. Groundwater is considered a 
major water source in arid and semi-arid regions. Climate variability has impacted 
groundwater balance in Saveh Plain and many wells became unusable. The average 
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annual precipitation has decreased and the country has experienced drought increase 
between 1990s and 2007 (Ghaleni, 2015). 
 Climate variability has affecting global groundwater level. Many countries use 
groundwater for many reasons. However, climate variability causes global groundwater 
crises, which grows due to the growth of population, agriculture, and industrial 
environment. Arid and semi-arid regions have experienced a bigger groundwater crisis. 
Table 2 shows the global groundwater decrease in the main aquifers in arid and semi-arid 
regions (Famiglietti, 2014).  
 
Table 2. “Groundwater annual decrease in the main aquifers in arid and semi-arid 
regions” (Famiglietti, 2014). 
Aquifer Country Annual decreased 
amount km3/year 
Time 





USA 3.1 2003–2010 
High Plains 
(Ogallala) 





















Northwestern India India, Pakistan 17.7 2002–2008 
North China Plain China 8.3 2003–2010 
Canning Basin Australia 3.60 2003–2013 
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2.5 The Importance of Climate variability Data Analysis.  
Climate is an important part of life. However, climate alters with time, which 
could affect the environment. Temperature and precipitation are important climate 
parameters, which could impact the hydrologic cycle. Climate could change hourly, 
daily, monthly, and yearly. Monitoring those changes lead to understand and analyze 
climate variability (Ghil, 2002). 
  Long term climate data is important to understand and analyze climate variability. 
Climate data monitoring was very limited in the past all around the world. However, 
people have realized the importance of climate monitoring around 1900. Climate data has 
been collected in some regions during different times and saved in databases by 
governments, organizations, and educational institutions. Nowadays, climate data is 
collected by advanced methods and technologies, such as Cooperative Observer weather 
stations (COOP), National Weather Service offices (NWS), Automated Weather 
Observing Stations (AWOS), And airport weather stations (Fiebrich, 2009).  
 Collecting long term climate data is important to analyze climate variability. 
Daily, monthly, and yearly climate data is required to examine climate behavior over 
long period. Long term data is limited in many countries, which causes difficulties to 
analyze climate variability. However, some countries such as, the United States, has some 
available long-term data that people could use do understand and analyze climate 




2.6 Conclusions.  
Climate is an important part of life and long-term climate change could impact 
people, wildlife, and animals. Climate variability could impact water resources around 
the world. Arid and semi-arid regions have less water resources and could be highly 
impacted by climate variability. This chapter showed that, the increase of temperature 
and the decrease of precipitation could impact water balance in arid environments. Arid 
regions have high population and people depend on groundwater as a main water 
resource. This study showed that climate variability could impact groundwater and cause 
water crises. Moreover, that could affect agriculture, and food production growth, which 
could cause economic and health negative impacts. Monitoring climate change and 











Chapter.3 Analysis of Precipitation and Temperature in Reno, Nevada 
 
Abstract 
Analyzing long term precipitation and temperature data is necessary to analyze 
climate variability. precipitation and temperature data are monitored and collected at 
National Oceanic and Atmospheric Administration (NOAA) data base, which is used to 
analyze climate variability in this chapter. A high-quality continuous climate data in 
Reno has been monitored since 1960 until 2018. There are monthly and yearly 
precipitation and temperature data that is analyzed and distributed over five climate 
classifications. The climate data analysis shows that, the highest precipitation amount 
occurs during the very wet and wet years, while the precipitation amount falls during the 
dry and very dry years. In addition, temperature increases during the hot years during 
1990s, 2000s, and 2010s. Based on the data analysis, most of the years between 1960s, 
1980s, and 2010s are wet years. The study shows that hot years could wet, and wet years 
could dry. Most of the rain in Reno occurs between November and March and decreases 
between April and September. The study results show a temperature increase in Reno 
over 60 years. The highest temperature occurs between June and August and the lowest 
temperature occurs between December and January. The goal of this chapter is to analyze 
long term precipitation and temperature data to evaluate and understand climate 





 Water is one of the most needed elements in life. Humans, wildlife, and animals 
are in need to water every day. Water is used in many daily activities, such as agriculture, 
food production, health care, and industrial growth. However, water balance varies in 
different regions, which cause a challenge that could have negative impact on the 
environment. Water resources could be affected by rainfall amount and air temperature, 
which vary in different regions (Pimentel, 2004). 
Climate could impact water resources in the world. However, arid and semi-arid 
areas receive less rainfall and higher air temperature, which could cause water stress. 
Around 20 % of the globe population live in arid and semi-arid regions, which cover 30% 
of the earth. Population growth and climate negative impact on water resources are 
behind water demand increase in arid environment (Sivakumar, 2005). 
In some countries, arid land covers more than 60% of the total area. Therefore, 
aridity could impact water resources in those countries and cause water shortage. 
Precipitation and temperature variability could affect Agriculture, food production, and 
industrial environments. Therefore, that could lead to health and economic crises. 
Monitoring and recording long term climate data is important to analyze climate 
variability. Analyzing long term precipitation and temperature data could help people to 
understand the past, current, and future climate variability. (Modarres, 2007).  
Analyzing climate variability enables people to understand climate long term 
behavior wherever they live. Analyzing climate variability data enables people to 
understand and prepare for climate variability negative impacts, Therefore, analyzing 
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long term climate data help to understand climate behavior and to avoid water crisis, 
economy losses.  
Nevada State is one of the areas that is located in semi-arid environment, which 
receives higher temperature and less rainfall amount. Climate variability has affected 
water resources and population growth has increased water demand which could cause 
water crisis over time (Ahmad, 2016).  
Nevada is known as the driest state in the United States. Nevada’s water 
resources, such as streamflow and groundwater have been impacted by climate change 
over long time. In addition, drought has increased between 1980s and 2008, which 
impacted plant growth in state (Albano, 2020).  
Analyzing long term rainfall and temperature data in Nevada enables people to 
understand climate variability in the state and prepare for the future impacts. Climate 
variability could affect agriculture, economy, and health in Nevada and that shows the 
importance of climate variability study.  
The Objective of this chapter is studying climate variability in Reno, Nevada by 
analyzing precipitation and temperature data over 60 years. In addition, climate data will 






3.1 Study Area, Reno, Nevada 
3.1.1 Geography and Location  
 
Reno city is located in Washoe County in Nevada State, which is surrounded by 
California State from the west, Oregon and Idaho States from the north, and Utah State 
from the east. Nevada State is located in the west region of The United States. Reno is 
located in Washoe county at the western side of Nevada as shown in Figure 7. The 
location of the city is near of the border of California from the west, Sierra Nevada 
mountains from the south, and Lake Tahoe from the southwest (Cox, 2011).    
 
 







3.1.2 Demographic background 
 
Population has been increased by 10% between 2010 and 2020. The total 
population in Reno city is 264,165 with 103.1 square miles land area. There are age, sex, 
and gender diversity in Reno City. The percentage of persons under 5 years old in Reno 
is 6.2%, people over 18 years old is 21.2, people over 65 years old is 14.8%, and 49.5% 
of population are females. There are different races live in Reno, which are 75% white, 
2.8% African American, 1% American Indian, 6.7% Asian, and 24.8% Hispanic or 
Latino (Census Bureau, 2021). 
 
 
3.1.3 Land Use 
 Land use in Reno city is divided into two main categories, which are residential 
and non-residential land use. Residential land use in Reno includes educational facilities, 
parks, religion places, family care facilities, and public service facilities. Urban 
Commercial land use in Reno city includes shops, malls, groceries stores, gas stations, 
and business offices. In addition, part of Reno includes industrial and manufacturing land 
use, such as factories, transportation utility shops, and electric manufacturing. Urban 
environment has grown in Reno over the last years. Therefore, Concreate, buildings, and 
transportation cover big part of the city. Washoe county has a small agriculture land use, 




3.1.4 Environmental Aspects 
 Reno City is located in Nevada state, which has a semi-arid climate. Nevada has a 
big urban environment and a small agriculture environment with limited amount of water. 
The biggest grown plant in Nevada is Alfalfa, which is part of the economy in Nevada 
State. However, growing Alfalfa requires a rich amount of water and it could be impacted 
by semi-arid climate. Reno is part of Nevada, which has a similar natural and urban 
environment. Reno is located near of Lake Tahoe and Sierra Nevada mountains by 
California (Neupane, 2018). 
 
3.1.5 Topography 
 Reno is located 4400 feet above sea level by the Sierra Nevada from the east side 
and the Great basin from the west. Reno’s Topography is part of Nevada State, which has 
a big desert part especially at the south side. The highest elevation in Nevada State is 
about 13,000 feet by the mountain’s areas and 470 feet by Mojave Desert. Nevada 
development has grown and covered a big part of the land. Reno is one of the developed 
and touristy cities in Nevada and it is known as the biggest little city in the world. That 
urban side of Reno has grown over years and supported the economy. Sierra Nevada is 
one of the famous natural locations that receive snow in the winter, which helps 
recharging water resources when it is melted. Nevada faces limited water resources due 
to climate change over time, which could cause economic and development future 





Reno City is located in a semi-arid region by the western Great Basin Desert. Semi-arid 
land receives less amount of annual rainfall. Reno receives small amount of rain during 
summertime and the highest amount of rain occurs in short period. The daily rainfall data 
shows that, only 54 days during the last 100 years, Reno has revived precipitation of an 
inch or more. Most of those 54 days were in the month of December and January. Reno’s 
rainfall months vary, but they are usually between November and March (NOAA, 2006). 
 
 
3.1.7 Temperature  
Reno county is experiencing semi-arid climate. The highest temperature degree occurs in 
the summertime between June and September with a degree of 100 F to 108 F. Reno has 
recorded the highest temperature of 108 in two days of July 2002. Reno has experienced 
a nighttime temperature increased during summer season between 2001 and 2006. 
 During the winter, Reno has experienced the coldest winter in 1890 and recorded 
the lowest temperature of -19 F. In addition, Reno has experienced another cold winter in 
1949, when the temperature was recorded less than zero degree. The highest winter 




 3.2 Methodology 
 Analyzing and evaluating yearly and monthly climate data between 1960 and 
2019. The data has been collected from the National Oceanic and Atmospheric climate 
data base. Studying climate variability requires a real and continues long period data, 
which matches with Reno’s recorded climate data. This study analysis monthly and 
yearly precipitation and temperature data, which was recorded by Reno’s climate 
stations. In addition, this study includes a precipitation and temperatures analysis during 
different climate classifications.   
     
3.2.1 Statistical Analysis 
This Study uses statistical analysis to evaluate and analyze climate data over long 
period. Statistical analysis is used examine Reno’s climate data quality from 1960 to 
2018. The study will identify the mean, standard deviation, minimum, and maximum 
values. Using statistical analysis is important to classify the data in groups and to identify 








The mean is also called the average, which is the average of multiple numbers 
(Lee, 2015). The mean equation is: 












= sum of the terms 
n = number of the term  
The mean is used to identify the average monthly and yearly precipitation and 
temperature in this study.  
 
3.2.3 Standard Deviation  
 Standard deviation is used to identify how spread the numbers are from the mean 
(Lee, 2015). Standard deviation equation is: 









σ = Standard deviation 
xi = each value  
n = number of values  
Standard deviation was used identify how spread the climate monthly and yearly data 
from the mean in this study.  
 
3.2.4 Coefficient of Variance  
 Coefficient of variance is the ratio of the standard deviation to the mean to 
measure the dispersion (Canchola, 2017). Coefficient of variance equation is: 





CV = Coefficient of variance 
σ = Standard deviation 
μ = mean  
 
3.2.5 Skewness 
 Skewness is used in this study to measure the symmetry in data distribution. 
Skewness is used to check if the data is symmetric on both sides right and left. When the 
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left tail of the data set is higher than the right tail, the skewness value is negative. In 
addition, if the right tail is higher, that mean the value of skewness is positive. Skewness 
value equals zero when both tails are even (Kim, 2013). In this study, skewness value is 
calculated through Microsoft® Excel with the function “=SKEW (N1:N2)”.  
 
3.2.6 Climate Classification 
This study classified climate into five groups as shown in Table 3. Those groups are 
classified based the annual rainfall and annual average temperature data in Reno city 
from 1960 to 2018. Those five groups based on annual rainfall data are very dry, dry, 
average, wet, and very wet. The five groups based on annual temperature are very cool, 
cool, average, hot, and very hot. The data was divided into group by using the data’s 
mean and standard deviation analysis. In addition, this study includes an annual and 
monthly temperature data analysis for Reno city.  
 
Table 3. Boundaries for climate classification Based on total annual precipitation and 




 Parameter Classification 
Above Average + 1.5xStandard Deviation Very wet/hot 




Between Average + 0.5xStandard Deviation & Average - 
0.5xStandard Deviation 
 Average 
Between Average - 0.5xStandard Deviation & Average - 
1.5xStandard Deviation 
Dry/cool 
Below Average - 1.5xStandard Deviation Very dry/cool 
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3.3 Result of Precipitation Data Analysis  
This study analyzes annual and monthly precipitation data in Reno from 1960 to 2019.  
3.3.1 Annual Precipitation Data Analysis 
Annual Precipitation data is presented in the following chart in Figure 9.  
Figure 4. Renos’ annual precipitation data from 1960 to 2019. 
 
3.3.2 Standard Deviation of The Total Annual Precipitation 
The following plot presents the standard deviation for Reno’s annual rainfall data from 




























 Figure 5. Standard deviation of the annual total rainfall data for Reno over 60 years. 
 
3.3.3 Annual Precipitation data analysis Based on climate classifications  
Annual rainfall data is analyzed during five climate classifications. Climate 






















































































































































Table 4. Climate classification based on total annual precipitation data analysis in Reno, 













3.3.4 Annual Precipitation Data Analysis Results 
Annual precipitation data was analyzed in Table 5 from 1960 to 2019. The data 
analysis shows that, Reno has experienced very wet, wet, average dry, and very dry 
climate classifications over the last 60 years.  
Climate classification (Years) 
Very wet Wet Average Dry Very Dry 
1983 1962 1964 1960 1966 
1995 1963 1970 1961 1999 
1996 1965 1975 1968 2001 
1998 1967 1977 1972 2003 
2017 1969 1978 1974 2007 
 1971 1979 1976 2013 
 1973 1981 1984  
 1980 1987 1985  
 1982 1989 1988  
 1986 1993 1990  
 2004 1997 1991  
 2005 2002 1992  
 2010 2006 1994  
 2015 2008 2000  
 2016 2009 2007  
 2018 2014 2008  
 2019  2011  
   2012  
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 The study shows that there are 5 very wet years during 1990s and one very wet 
year in 2017. In addition, there are 6 very dry years during 2000s. The very dry years and 
dry years are more than the very wet and wet years during the last 20 years. The wet 
years are divided into two periods. The first period was in 1960s, part of 1970s, and 
1980s. The second period is in 2010s. The dry period mostly falls in the 1990s, which is 
between the two wet periods.  
 During the very dry years and dry years, most of the total annual precipitation 
values are less than total annual value, which is 7.5 inches. In the period from 1960 to 
2019, the maximum annual rainfall value is 13.76 inches, which was in 2017 and the 
minimum rainfall value is 3.28 inches in 1966.  
 
 3.3.5 Monthly Precipitation Data Analysis 
Besides analyzing the annual precipitation and identifying climate classification, 
this study analyzes monthly rainfall data as shown in Figures 11, 12, 13, 14, 15, and 16. 
In addition, the study will analyze the months of the very wet, wet, average, dry, and very 
dry years as shown in Tables 5, 6, 7, 8, and 9. 
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Figure 6. Total average monthly precipitation in Reno from 1960-2018 
           
            The chart in Figure 11 presented that the total average monthly rainfall from 
January to December between 1960 and 2019. The month of January recorded the highest 
average monthly rainfall amount above 1 inch and July recorded the lowest total monthly 
rainfall amount, which is lower than 0.3 inch. Rainfall increases between October to March 
and decreases between April to September.  
 





















Table 5. Total average monthly rainfall from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as very wet year.  
Very Wet Years 
Rainfall Inches  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1983 1.72 1.58 1.31 1.35 0.21 0.54 0 0.78 0.84 0.36 3.08 1.47 
1995 3.31 0.2 2.87 0.4 1.81 1.3 0.22 0 0 0 0.19 2.28 
1996 1.33 2.31 1.63 0.16 1.07 0.71 0.2 0.16 0.45 0.28 0.89 3.03 
1998 1.1 2.59 2.22 0.6 0.83 1.39 0 0 2.18 0.34 0.77 0.04 
2017 5.57 3.43 0.87 0.69 0.61 0.12 0.04 0.17 0.7 0.28 1.19 0.11 
Mean 2.60 2.022 1.78 0.64 0.90 0.81 0.09 0.22 0.83 0.25 1.224 1.38 
Min 1.1 0.2 0.87 0.16 0.21 0.12 0 0 0 0 0.19 0.04 
Max 5.57 3.43 2.87 1.35 1.81 1.39 0.22 0.78 2.18 0.36 3.08 3.03 
STDEV 1.86 1.21 0.78 0.44 0.59 0.53 0.10 0.32 0.81 0.14 1.09 1.31 
Variance 





 Table 5 shows that the highest total monthly precipitation of 2.6 inches was 
recorded in January over the last 60 years. The highest monthly rainfall was 5.57 inches, 
which was recorded in 2017. The months from January to December has fallen in the 
very wet group during 5 years over the last 60 years. During those 5 years, the months 
from November to March were the most wet months. The months from April to October 



























Table 6. Total monthly rainfall from 1960 to 2018 with the mean, standard deviation and 
variance for the years that classified as wet year.  
 Wet Years 
Rainfall Inches  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1962 0.35 3.69 0.84 0 1.4 0.04 0.38 0.08 0.1 1.55 0.02 0.6 
1963 2.51 1.09 0.41 0.82 2.89 1.1 0 0.17 0.18 0.24 1.44 0.08 
1965 1.64 0.01 0.98 0.27 0.18 1.31 0.35 1.65 0.5 0.02 1.63 1.19 
1967 2.11 0 1.93 0.95 0.47 0.59 0.57 1.22 0.82 0.04 0.22 0.55 
1969 4.13 1.75 0.07 0.1 0.2 1.29 0.17 0 0.01 0.4 0.04 2.07 
1971 0.76 0.33 1.54 0.59 2.37 0.09 1.07 0.09 0.1 0.44 0.24 2.97 
1973 1.54 1.66 0.73 0.13 0.75 0.07 0.27 0.48 0.01 0.56 1.74 1.28 
1980 2.78 1.9 0.76 0.51 0.78 0.12 0.54 0.32 0.48 0.14 0.28 0.6 
1982 1.21 0.42 1.15 0.34 0.1 1.07 0.04 0.09 2.31 1.65 1.71 1.05 
1986 0.4 4.85 0.88 0.77 0.26 0.31 0.86 0.07 0.28 0.06 0.02 0.19 
2004 0.96 1.56 1.26 0 0.32 0.2 0 0.28 0.01 1.59 1.53 1.71 
2005 1.78 0.84 0.42 0.61 0.59 0.37 0.59 0.1 0 0.03 0.18 3.89 
2010 0.96 2.19 0.18 0.68 0.3 0 0.34 0.13 0 2.65 0.45 1.39 
2015 0.06 1.43 0.01 0.35 1.02 0.93 0.51 0.11 0.16 1.1 2.1 0.75 
2016 1.7 0.42 0.97 0.96 1.17 0 0 0.04 0 2.43 0.15 1.21 
2018 0.67 0.2 2.35 0.54 1.84 0.1 1.29 0 0 0.26 0.92 1.09 
Mean 1.47 1.39 0.90 0.47 0.91 0.47 0.43 0.30 0.31 0.82 0.79 1.28 
Min 0.06 0 0.01 0 0.1 0 0 0 0 0.02 0.02 0.08 
Max 4.13 4.85 2.35 0.96 2.89 1.31 1.29 1.65 2.31 2.65 2.1 3.89 
STDEV 1.05 1.34 0.64 0.31 0.83 0.49 0.38 0.46 0.58 0.88 0.76 0.99 
Variance  1.03 1.69 0.39 0.09 0.65 0.22 0.13 0.20 0.31 0.73 0.54 0.93 
 
            During the wet years in Table 6, January is considered the most wet month over the 
last 60 years. Total average monthly rainfall value in January is 1.47 inches. The total 
average monthly value in August is 0.30 inches, which is considered the lowest raifall value 
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during the wet years. The months of January and February have recorded the highest total 
rainfall values. In addition, the months from June to September have recorded a minimum 








































Table 7. Total monthly rainfall from 1960 to 2018 with the mean, standard deviation and 






Rainfall Inches  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1964 0.68 0.01 0.72 0.54 1.79 0.29 0.13 0.02 0 0.04 0.63 2.89 
1970 1.74 0.32 0.19 0.6 0 0.88 0.05 0.02 0.01 0.03 1.48 1.65 
1975 0.32 1.74 1.59 0.62 0.21 0.21 0.03 1.03 0.92 0.16 0.12 0.01 
1977 0.67 0.71 0.19 0 1.24 1.04 0.07 0.01 0.01 0.14 0.23 2.55 
1978 1.66 0.98 1.49 0.2 0.31 0.07 0.19 0.15 0.69 0.08 1.3 0.82 
1979 0.67 0.83 0.53 0.41 0.16 0 0.58 0.38 0 0.31 0.17 2.02 
1981 0.85 0.21 0.58 0.21 0.57 0 0.01 0.36 0.07 0.64 2.13 1.05 
1987 0.49 0.78 0.81 0.49 2.29 1.12 0.01 0.01 0.01 0.54 0.37 0.59 
1989 0.2 0.81 0.47 0.03 1.33 1.53 0 0.82 1.19 0.43 0.55 0 
1993 2.42 1.27 0.55 0.01 0.27 0.35 0 0 0 1.43 0.13 0.16 
1997 3.32 0.71 0.01 0.22 0.13 1.17 0.04 0 0.55 0.16 0.86 0.58 
2002 0.59 0.24 0.42 1.22 0.2 0.1 0.12 0.82 0 0.12 1.08 2.19 
2006 1.6 1.05 0.93 1.89 0.31 0 0.34 0 0 0.43 0.25 0.41 
2008 2.81 0.78 0.07 0 0.56 0 0.34 0 0.01 0.11 0.92 0.51 
2009 0.51 0.21 1.61 0.35 0.5 1.52 0.01 0.01 0 1.5 0.24 1.79 
2014 0.38 0.7 0.08 0.31 0.54 0 0.2 1.08 0.29 0.18 0.31 0.93 
Mean 1.18 0.70 0.64 0.44 0.65 0.51 0.13 0.29 0.23 0.39 0.67 1.13 
Min 0.2 0.01 0.01 0 0 0 0 0 0 0.03 0.12 0 
Max 3.32 1.74 1.61 1.89 2.29 1.53 0.58 1.08 1.19 1.5 2.13 2.89 
STDEV 0.96 0.44 0.53 0.49 0.66 0.58 0.16 0.40 0.38 0.45 0.58 0.92 
Variance  0.87 0.18 0.26 0.23 0.40 0.31 0.02 0.155 0.14 0.19 0.31 0.80 
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Table 7 shows that, the highest total monthly precipitation is 1.18 inches in the month of 
January, while July has the lowest total precipitation value of 0.13 inches. The minimum 
rainfall amount is from April to September with a value of zero inch. The months from 


































 Table 8. The total monthly rainfall from 1960 to 2018 with the mean, standard deviation 
and variance for the years that classified as dry year. 
Dry Years 
Rainfall Inches  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960 1.21 1.19 0.59 0.05 0 0 0.87 0 0 0.18 1.45 0.24 
1961 0.8 0.3 0.4 0.27 0.91 0.56 0.3 0.47 0.39 0.15 0.65 0.18 
1968 1.11 0.92 0.84 0.02 0.3 0.16 0.05 0.13 0.15 0.01 0.73 1.03 
1972 0.37 0.15 0.04 0.14 1.02 0.18 0.01 0.14 0.3 1.3 1 0.89 
1974 1.6 0.34 1.17 0.23 0.01 0 0.33 0.19 0 0.69 0.27 0.56 
1976 0.16 1.2 0.36 0.2 0.1 0 0.96 0.62 1.1 0.28 0.07 0.01 
1984 0.36 0.22 0.2 0.24 0.06 0.34 0.45 0.02 0.04 0.6 1.69 0.07 
1985 0.24 0.68 1.07 0 0 0.12 0 0.01 0.64 0.46 1.23 0.55 
1988 0.5 0.02 0 0.95 0.12 0.59 0.22 0.01 0.04 0.02 2 0.84 
1990 0.63 1.98 0.07 0.33 0.19 0.03 0.87 0.21 0.31 0.06 0.15 0.45 
1991 0.01 0.21 1.42 0.47 0.5 0.39 0.04 0.24 0.6 0.23 0.89 0.15 
1992 0.13 0.46 0.69 0.06 0.1 1.12 0.15 0.28 0 0.45 0.06 1.87 
1994 0.06 0.62 1 0.03 1.39 0 0.09 0 0.15 0.23 1.47 0.16 
2000 2.14 0.98 0.38 0.34 0.23 0.23 0 0.79 0.04 0.04 0.4 0.14 
2007 0.13 1.02 0.03 0.19 0.16 0.12 0 0.16 0.44 0.19 0.25 1.07 
2008 2.81 0.78 0.07 0 0.56 0 0.34 0 0.01 0.11 0.92 0.51 
2011 0.1 1.35 1.28 0.11 0.4 1.35 0 0 0.03 0.24 0.06 0 
2012 1.54 0.6 0.11 0.07 0.3 0 0.02 0.01 0.08 0.08 0.85 2.11 
Mean 0.77 0.72 0.54 0.20 0.35 0.28 0.26 0.18 0.24 0.29 0.78 0.60 
Min 0.01 0.02 0 0 0 0 0 0 0 0.01 0.06 0 
Max 2.81 1.98 1.42 0.95 1.39 1.35 0.96 0.79 1.1 1.3 2 2.11 
STDEV 0.80 0.50 0.48 0.22 0.39 0.39 0.32 0.23 0.30 0.31 0.60 0.61 
Variance  0.61 0.24 0.21 0.04 0.14 0.14 0.10 0.05 0.08 0.09 0.34 0.35 
 
         Table 8 shows that, the minimum total precipitation of zero to 0.06 over 60 years in 
Reno during the dry years. During the years in Table 9, January falls in the dry years, 
while it falls in the wet years in Table 6, which show climate variability during those 
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years. The months from April to August are the driest months during the dry years. 







Figure 10. Mean values during dry years. 
Table 9. Total monthly rainfall from 1960 to 2018 with the mean, standard deviation and 
variance for the years that classified as dry year. 
Very Dry Years 
Rainfall Inches  
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1966 0 0.2 0.04 0.04 0.33 0.03 0 0.02 0.1 0 1.07 1.45 
1999 0.76 1.25 0.11 0.56 0.2 0.06 0.1 0.82 0.07 0.42 0.01 0.07 
2001 0.31 0.19 0.15 0.67 0 0.09 0.07 0 0.09 0.14 0.83 1.83 
2007 0.13 1.02 0.03 0.19 0.16 0.12 0 0.16 0.44 0.19 0.25 1.07 
2013 0.12 0 0.29 0.23 0.67 0.17 0.49 1.08 0.02 0.06 0.49 0.41 
Mean 0.26 0.53 0.12 0.33 0.27 0.09 0.13 0.41 0.14 0.16 0.53 0.96 
Min 0 0 0.03 0.04 0 0.03 0 0 0.02 0 0.01 0.07 
Max 0.76 1.25 0.29 0.67 0.67 0.17 0.49 1.08 0.44 0.42 1.07 1.83 
STDEV 0.29 0.56 0.10 0.26 0.25 0.05 0.20 0.49 0.16 0.16 0.42 0.72 























Mean Values During Dry Years
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            Table 9 shows that, during the very wet years, December has the highest total 
precipitation, which is 0.96 inches over 60 years. The month of January falls into the very 
wet years during the 5 years in Table 10. The maximum precipitation is 1.83 inches in 
December, while the minimum value equals or near of zero during the 12 months of the 
very dry years.  
 
 
Figure 11. Mean values during dry years. 
3.4 Result of Temperature Data Analysis 
The study analyzes the average annual and monthly temperature data in Reno over 60 
years.  
3.4.1 Average Annual Temperature Data Analysis 
The following analysis present the average annual temperature of Reno from 1960 




















Figure 12. Annual temperature data for Reno over 60 years. 
 
3.4.2 Standard Deviation of The Average Annual Temperature.  
The following plot presents the standard deviation for Reno’s annual temperature 
data from 1960 to 2019 as shown in Figure 18. 





























































































































































 3.4.3 Average Annual Temperature Data Analysis Based on Climate Classifications  
 Annual rainfall data is analyzed during five climate classifications. Climate 
classifications are very cool, cool, average, hot, and very hot as shown in Table 10. 
 Table 10. Climate classification based on total annual temperature data analysis in Reno, 










3.4.4 Average Annual Temperature Data Analysis Results 
Annual temperature data was analyzed in Table 10 from 1960 to 2019. The data 
analysis shows that, Reno has experienced very cool, cool, average, hot, and very hot 
years over the last 60 years. The study shows that there are 4 very cool, which start at the 
Climate classification (Years) 
Very Cool Cool Average Hot Very Hot 
1962 1960 1977 1992 2012 
1971 1961 1980 1994 2014 
1975 1963 1981 1999 2015 
1982 1964 1986 2000 2016 
 1965 1987 2001 2017 
 1966 1988 2002 2018 
 1967 1989 2003  
 1968 1990 2004  
 1969 1991 2005  
 1972 1993 2006  
 1973 1995 2007  
 1974 1996 2008  
 1976 1997 2009  
 1978 1998 2010  
 1979  2011  
 1983  2013  
 1984  2019  
 1985    
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beginning of 60 years. In addition, there are 6 very dray years that start between 2012 to 
2018, which show annual rainfall increase during the last decades.  
 The study shows that the cool years start at the beginning of the 60 years and the 
hot years start during the last period of the 60 years. The data analysis shows that, the hot 
and very hot years start during 1990s and 2000s. In addition, the cool and very cool years 
start during 1960s, 1970s, and the beginning of 1980s.  
 The data analysis shows that, the highest average annual temperature from 1960 
to 2019 is 57.3 degrees 0F during 2014. The average annual temperature value is 520F. 
The lowest average annual temperature value is 480F during 1971. The data analysis 
shows an average temperature increase over the last 60 years in Reno, NV. 
 
3.4.5 Average Monthly Temperature Data Analysis 
This study analyzes the average monthly temperature data from 1960 to 2018 as shown in 
Figures 19, 20, 21, 22, 23, 24. In addition, this study analyzes average temperature data 
during the very cool, cool, average, hot, and very cool years as shown in Tables 11, 12, 
13, 14, and 15.  
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Figure 14. Average monthly Temperature in Reno from 1960-2018 
The chart in Figure 19 shows that, the highest temperature occurs between June to 
September. In addition, the coldest months start from November to January. 
 
Table 11. The average monthly temperature from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as very hot year. 
Very hot Years 
Temperature 0F 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
2012 38.90 39.30 45.70 53.50 61.60 68.90 77.70 78.90 70.70 58.00 45.70 36.40 
2014 39.40 44.70 48.3 54.3 62 71.5 80.5 73.9 68.9 58.4 45.8 40.1 
2015 40.40 46.30 52.1 52.3 59.9 74.1 75.2 76 69.5 59.9 38.6 35.9 
2016 37.70 43.80 48.3 54.8 60.2 73.00 76.30 75.80 66.50 55.50 46.50 37.00 
2017 33.30 41.40 48.60 51.70 62.10 72.50 80.50 78.70 65.90 53.90 48.70 36.50 
Mean 
37.94 43.10 48.60 53.32 61.16 72.00 78.04 76.66 68.30 57.14 45.06 37.18 
Min 
33.30 39.30 45.70 51.70 59.90 68.90 75.20 73.90 65.90 53.90 38.60 35.90 
Max 
40.40 46.30 52.10 54.80 62.10 74.10 80.50 78.90 70.70 59.90 48.70 40.10 
STDEV 
2.7 2.7 2.28 1.30 1.03 1.96 2.41 2.11 2.03 2.40 3.80 1.67 
Variance 




















Table 11 shows that the highest average monthly temperature value of 78.04℉ in July 
over the last 60 years. The maximum average monthly Temperature was 80.50℉, which 
was recorded in 2017. The months from May to August have the highest Temperature 
values during the very hot years. During very five hot years, the months from November 


































Table 12. The average monthly rainfall from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as hot year.  
 Hot Years 
Temperature 0F 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1992 34.30 41.70 46.90 55.80 64.90 66.50 70.80 72.70 64.80 55.30 39.80 30.60 
1994 37.70 38.40 48.70 52.90 59.70 68.50 77.10 73.70 65.00 52.20 35.10 35.60 
1999 37.60 39.70 43.90 46.60 58.70 67.30 73.70 70.00 65.80 56.00 46.70 34.80 
2000 38.70 41.20 45.60 54.00 60.50 70.90 72.80 73.40 63.40 52.00 37.80 36.80 
2001 33.00 35.80 48.60 47.70 66.40 69.90 74.20 76.10 68.00 58.20 44.60 36.50 
2002 34.40 40.80 42.70 52.00 58.30 69.90 78.40 72.50 66.30 52.60 43.10 37.50 
2003 43.10 37.50 46.50 45.40 60.40 71.60 79.20 74.10 68.00 59.40 40.00 38.10 
2004 36.20 38.70 51.50 53.70 60.90 70.30 77.90 74.20 65.90 52.50 40.30 35.00 
2005 28.90 38.60 46.20 49.10 59.90 64.30 80.00 75.60 62.80 55.40 45.40 39.00 
2006 37.80 39.20 39.10 50.70 62.40 72.70 79.70 73.60 65.60 52.80 44.30 34.80 
2007 31.20 40.80 49.40 53.00 63.40 72.40 80.00 76.20 63.60 52.50 44.30 34.10 
2008 32.10 38.90 45.00 49.90 59.30 69.70 77.50 77.00 68.10 54.60 46.30 34.30 
2009 37.60 40.10 43.70 50.30 65.00 66.20 77.70 73.90 69.60 52.00 43.80 26.90 
2010 36.80 40.80 45.20 48.30 52.80 68.30 77.80 72.60 67.40 55.90 40.90 39.30 
2011 37.30 34.80 44.50 49.00 54.40 65.60 75.40 75.60 70.50 56.40 42.10 33.60 
2013 30.20 38.40 49.40 54.00 61.10 71.80 80.20 74.30 66.60 51.30 44.20 28.80 
2018 42.50 37.80 42.50 53.30 61.50 71.50 81.80 77.40 68.30 54.20 44.10 37.30 
Mean 35.85 39.01 45.8 50.92 60.56 69.26 77.3 74.29 66.45 54.31 42.52 34.8 
Min 28.90 34.80 39.1 45.40 52.80 64.30 70.8 70.00 62.80 51.30 35.10 26.9 
Max 43.10 41.70 51.5 55.80 66.40 72.70 81.8 77.40 70.50 59.40 46.70 39.3 
STDEV 3.95 1.87 3.08 2.96 3.49 2.54 2.99 1.87 2.16 2.35 3.13 3.42 





            During the cool years in Table 12, August has the maximum average temperature 
value of 81.8 0F from 1960 to 2018. The highest average monthly temperature value is 
77.3℉ in August. The lowest temperature value during the hot years is 26.9℉ in December 
2009. The months from November to March have recorded the lowest average temperature 
values. In addition, the months from May to August have recorded the highest average 


































Table 13. The average monthly rainfall from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as average year. 
 





Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1970 37.3 41.9 41.4 44.1 58.0 65.1 73.0 71.5 57.1 48.0 45.3 29.20 
1977 32.3 39.0 38.0 51.3 48.5 68.5 69.5 69.8 60.7 52.2 41.8 38.30 
1980 36.9 40.6 38.5 49.8 54.4 60.8 71.3 67.5 63.0 51.0 41.8 36.20 
1981 36.0 38.8 41.6 50.7 57.5 68.3 67.9 69.4 64.7 46.9 42.5 38.90 
1986 40.3 42.7 47.7 49.2 57.3 67.5 69.4 72.9 56.3 51.0 42.9 35.20 
1987 31.6 38.4 43.4 54.8 59.7 67.9 68.1 71.3 65.0 56.3 41.8 31.90 
1988 33.0 40.2 44.0 51.2 56.5 67.0 75.2 73.2 63.3 58.3 42.7 31.10 
1989 30.9 31.1 46.4 54.0 57.0 66.3 72.5 67.6 61.8 51.3 41.8 35.80 
1990 34.3 30.8 45.7 54.4 56.4 65.7 73.7 71.1 65.4 54.7 40.9 25.70 
1991 31.8 43.7 39.8 46.8 51.7 62.5 74.3 71.5 65.8 56.6 43.4 33.60 
1993 25.7 34.3 48.5 48.7 58.4 61.9 69.0 70.0 65.3 54.9 40.4 36.50 
1995 38.2 46.0 43.3 47.5 55.0 62.1 72.0 72.7 63.0 52.4 46.3 38.00 
1996 37.5 39.5 42.2 48.5 55.1 64.0 72.9 70.0 60.0 49.9 41.3 38.30 
1997 34.2 37.7 46.7 47.4 60.7 62.5 69.3 69.7 62.5 49.5 42.0 31.00 
1998 38.2 36.2 42.2 45.4 50.8 63.3 75.8 74.9 65.6 49.8 42.8 31.70 
Mean 34.5 38.7 43.2 49.5 55.8 64.8 71.5 70.8 62.6 52.1 42.5 34.09 
Min 25.7 30.8 38.0 44.1 48.5 60.8 67.9 67.5 56.3 46.9 40.4 25.70 
Max 40.3 46.0 48.5 54.8 60.7 68.5 75.8 74.9 65.8 58.3 46.3 38.90 
STDEV 3.7 4.3 3.23 3.19 3.34 2.61 2.59 2.04 3.0 3.3 1.55 3.88 
Variance  13.2 17.2 9.74 9.5 10.4 6.3 6.28 3.89 8.4 10.3 2.26 14.12 
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Table 13 shows that the highest average monthly temperature value is 71.8℉. The month 
of January has the lowest average temperature value of 25.7℉. The maximum 
temperature value is 75.8℉ in 1998. The months from April to September have the 
highest average temperature values and the months from November to March have the 


































Table 14. The average monthly rainfall from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as cool year. 
Cool Years 
Temperature 0F 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1960 27.5 36.1 44.2 48.2 51.7 65.2 70.4 65.5 61.0 48.9 40.0 32.0 
1961 33.4 40.7 41.5 47.0 53.4 66.6 69.4 69.1 55.9 49.6 36.5 31.7 
1963 28.1 44.3 40.5 41.7 57.1 59.0 65.1 64.7 63.2 52.4 40.2 35.1 
1964 32.4 34.1 37.7 45.2 51.9 61.3 70.7 66.9 58.1 55.2 38.0 36.0 
1965 33.5 40.0 43.2 49.6 54.0 59.2 66.1 65.8 54.9 52.4 41.6 29.9 
1966 33.3 34.8 43.4 50.2 60.6 63.6 65.7 67.5 58.6 49.5 41.0 34.0 
1967 37.0 40.3 40.5 40.2 54.9 59.8 69.6 71.0 62.6 51.0 42.7 28.3 
1968 31.7 42.3 42.4 44.5 52.8 62.8 72.9 64.5 59.5 50.6 40.8 31.4 
1969 37.0 34.2 40.7 48.3 58.1 62.0 70.8 68.8 63.3 45.2 39.0 36.6 
1972 25.5 40.2 47.1 46.1 56.8 65.0 70.6 67.6 56.6 48.5 38.0 25.1 
1973 28.4 37.6 37.9 43.8 58.8 64.3 70.1 67.4 58.5 49.2 42.8 38.3 
1974 31.6 36.2 42.8 46.5 54.8 63.9 66.9 65.7 61.4 49.3 40.4 31.0 
1976 32.1 35.0 38.3 44.5 57.5 61.0 69.0 62.1 62.0 51.3 42.4 30.5 
1978 37.1 38.4 47.2 45.3 52.3 61.5 69.5 67.2 57.6 53.5 37.2 24.9 
1979 28.9 36.9 41.8 46.9 57.0 63.9 69.9 67.7 64.2 54.0 38.0 35.5 
1983 34.2 38.6 40.5 43.8 53.3 62.5 67.1 69.9 62.9 54.1 41.2 38.7 
1984 31.9 37.2 44.2 45.8 59.4 61.6 73.3 69.7 63.1 46.2 39.6 30.7 
1985 30.6 36.9 38.6 52.7 56.3 68.6 73.4 68.4 57.3 50.3 34.8 31.2 
Mean 31.9 37.9 41.8 46.1 55.5 62.8 69.4 67.1 60.0 50.6 39.6 32.2 
Min 25.5 34.1 37.7 40.2 51.7 59.0 65.1 62.1 54.9 45.2 34.8 24.9 
Max 37.1 44.3 47.2 52.7 60.6 68.6 73.4 71.0 64.2 55.2 42.8 38.7 
STDEV 3.3 2.86 2.82 3.01 2.73 2.53 2.48 2.20 2.93 2.68 2.23 3.97 
Variance  10.5 7.72 7.52 8.60 7.06 6.09 5.83 4.60 8.11 6.79 4.73 14.9 
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         Table 14 shows that the minimum average temperature value is 24.9℉ in December. 
The highest average temperature value is 73.4℉ in July during the cool years. The months 
from November to April have the lowest average temperature values and the month from 






Figure 18. Mean values during cool years. 
Table 15. The average monthly temperature from 1960 to 2018 with the mean, standard 
deviation and variance for the years that classified as very cool year. 
Very Cool Years 
Temperature 0F 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1962 26.7 34.1 39.5 50.1 50.10 61.70 67.00 61.5 60.80 51.20 40.80 33.80 
1971 33.0 36.9 40.9 45.9 45.90 59.70 71.50 70.7 56.50 45.80 37.50 26.60 
1975 32.3 34.1 38.4 39.8 39.80 62.30 70.40 64.8 64.20 49.50 35.90 33.70 
1982 28.5 40.3 40.2 44.0 44.00 61.80 70.40 68.8 57.00 46.90 36.20 32.30 
Mean 30.1 36.3 39.7 44.9 44.95 61.38 69.83 66.4 59.63 48.35 37.60 31.60 
Min 26.7 34.1 38.4 39.8 39.80 59.70 67.00 61.5 56.50 45.80 35.90 26.60 
Max 33.0 40.3 40.9 50.1 50.10 62.30 71.50 70.7 64.20 51.20 40.80 33.80 
STDEV 3.02 2.94 1.06 4.27 4.27 1.14 1.95 4.11 3.60 2.45 2.24 3.40 





















            Table 15 shows that during the very cool years, July has the highest average 
temperature value of 71.50℉. The month of January has recorded the lowest average 
temperature value of 30.1℉. The months from April to September have the highest 







Figure 19. Mean values during very cool years. 
3.5 Discussion 
The climate variability review through existing studies in this chapter shows that, 
climate variability occurs due to the change of precipitation and temperature over long 
term. The study of climate variability review states that, climate variability could impact 
water resources, which could impact the environment (Ragab, 2002). 
            In order to analyze climate variability over Reno, this study has analyzed long 
term climate data to evaluate and understand climate behavior. This study has analyzed 
precipitation and temperature climate data over 60 years in Reno City. The study has 




















            Global semi-arid regions have experienced an increase and decreases in annual 
rainfall amount. However, annual rainfall decrease is more dominant during the last 50 
years in semi-arid regions, such as South Africa and West Australia (Huang, 2016). This 
study has analyzed the annual rainfall data in Reno to explore the annual rainfall change 
over the last 60 years. 
           The total annual precipitation analysis shows a rainfall decrease has started from 
1980s. There are 5 years of high total annual rainfall value above 12 inches, which is 
above the average value of 7.5 inches. During the last 60 years, there are 27 years above 
the annual precipitation average. The annual precipitation data showed rainfall decreasing 
and increasing during the study period. However, there are 33 years lower than the annual 
precipitation average, which shows rainfall deficiency between 1960 and 2019.  
            Semi-arid regions, such as Limpopo, South Africa receive a small amount of rain 
and the highest average rainfall months are December to February. In addition, the lowest 
rainfall months in Limpopo are May to September (Mazezewa, 2010). This study has 
analyzed the total monthly precipitation data during different climate classifications in 












Figure 20. Average rainfall during different climate classifications between 1960 to 2019. 
 
            The average monthly rainfall analysis from 1960 to 2018 in Reno shows that, 
most rainfall amount fall between November and March. The highest value of total 
rainfall in November is 3.08 inches and the total rainfall in January is 5.57 inches, which 
is the highest monthly value. The lowest rainfall amount occurred in January and 
December, which is zero inch. The data analysis shows that, the monthly rainfall varies 
between January and March during different climate classification, However, there is no 
big difference between monthly rainfall amounts in November and December as shown 
in Figure 25.  
            During the very wet years, January has the highest rainfall value with the highest 
variance value of 2.79. The variance increases between November and February, which 
have a high monthly rainfall amount above the average. The lowest variance value is zero 
in July with a zero-rainfall amount in 1998. The months between April and October have 



















Very wet Wet Average Dry Very dry
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 During the wet years, February has the maximum monthly rainfall value of 4.85 
inches with the highest variance value of 1.96. The months between March and 
September have the lowest values. April has the lowest variance value of 0.9, which has a 
low average rainfall value of 0.3 inches.  
 During the average years, January has the highest variance value of 0.87 and an 
average monthly rainfall value of 1.18 inches. In addition, December has a similar 
variance value of 0.80 with an average rainfall value of 1.13 inches. July has the lowest 
average rainfall value of 0.13 and a variance value of 0.02.  
 During the dry years, January has the highest variance value of 0.61 with an 
average rainfall value of 0.77 inches. August has the lowest variance value of 0.05 and 
the lowest average rainfall value of 0.18 inches. That means during those years Reno 
received a law amount of rain which caused a dry season. 
 During the very dry years, December has the highest variance value of 0.42 with 
the highest average rainfall value of 0.96 inches. Most of the months during the very dry 
years have a small variance value near of zero. That means, all seasons are very dry 
during those years in Table 10.  
          Global semi-arid regions have experienced annual temperature increase during the 
last three decades. The annual temperature increase has Impacted many countries such as 
Iran. Annul temperature has increased in semi-arid regions of Iran between 1966 and 
2005 (Tabari, 2011). This study has analyzed the annual temperature data in Reno to 
explore the climate variability over the last 60 years. 
57 
           The total average annual temperature analysis shows an annual temperature 
increase between 1960 and 2019. The maximum average temperature is 57.3℉ in 2014 
and the minimum average temperature is 48℉ in 1971, which shows a temperature 
increase over time. The average annual temperature is 52.03℉. The annual temperature 
has slightly increased during 1970s and 1980s. Moreover, Reno has experienced higher 
annual temperature during 1990s, 2000s, and 2010s. 
 This study has analyzed monthly rainfall data during different climate 
classification between 1996 and 2018. This study has analyzed high and low monthly 
rainfall amount between January and December during very wet, wet, average, dry, and 
very dry years as shown in Figure 26.  
  





Figure 21. Average temperature during different climate classifications between 1960 to 2018. 
 
            The average monthly temperature analysis from 1960 to 2018 in Reno shows a 
monthly temperature increases between May and September. The lowest monthly 
temperature occurs between November and February. July is the hottest month since 











Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Very hot Hot Average Cool Very cool
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During the very hot years, July has the highest temperature value of 78.04 0F with 
the highest variance value of 4.66. The variance is higher between November and 
February, which have low monthly temperature values less than the average value. The 
lowest variance value is 2.25 in December.  
 During the hot years, February has the maximum monthly temperature value of 
81.8 0F. the highest variance value is 14.70 in January. The months between September 
and October have the lowest variance values. December has recorded the lowest average 
temperature of 26.9℉ in 2009.  
 During the average years, December has the highest variance value of 14.12 with 
an average monthly temperature value of 34.09℉. In addition, January and February have  
have high variance values. The months from December to February have the lowest 
average temperature values with higher variance values.  
 During the cool years, December has the highest variance value of 14.9 with an 
average temperature value of 32.2 0F. September has the lowest variance value of 4.60 
and an average temperature value of 67.1 0F. During the very cool years, December has 
the highest variance value of 8.68 with the lowest average temperature value of 26.60 0F.  
The result of this study shows that, Reno has five climate classifications based on 
precipitation and temperature data from 1960 to 2018. Those classifications for 
precipitation data are very wet years, wet years, average years, dry years, and very dry 
years. The classifications for Temperature data are very cool years, cool years, average 
years, hot years, and very hot years. Climate classification analysis shows that, annual 
precipitation and temperature have impacted Reno’s climate over the last 60 years. 
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            Based on the precipitation data, the study result shows that, the very wet and wet 
years were mostly occurred in 1960s, 1970s, and part of 1980s. That wet period was 
followed by dry and very dry years starting from 1990s, 2000s, and most of 2010s. The 
result of climate classification analysis shows that, some of the wet years are cool years 
and some of dry years are hot years, which shows a relationship between rainfall and 
temperature. However, hot years could be wet years and cool years could be dry years as 














Table 16. Climate classification based on total annual precipitation and temperature data 
analysis in Reno, NV from 1960 to 2019. 
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1971 1961 1980 1994 2014   
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  1983   2013     
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  1984   2019     
        2012   
      
  
                          
 
            The data analysis in Table 16 shows that, some of the hot years are wet years at 
the same time. For example, the years 2004, 2005, and 2017 are hot years due to the high 
temperature; however, they are wet years due to the high annual rainfall amount. In 
addition, the years 1960, 1961, and 1968 are cool years due the low temperature; 
however, they are dry years due to the low annual rainfall amount. There are some wet 
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and cool years at the same time such as 1965. That shows annual temperature could 
impact wet and dry years, but it does not correlate with it. 
            Precipitation and temperature data analysis shows climate change over time in 
Reno, NV. This study shows that, there are wet, dry, cool, and hot periods over the last 
60 years, which are impacted by annual and monthly rainfall and temperature values.  
 
3.6 Conclusion 
This goal of this chapter is analyzing climate variability in Reno by analyzing 
long term precipitation and temperature data from 1960 to 2018. The result of annual 
precipitation data analysis shows that there are very wet and wet years that started during 
1960s and 1970s. In addition, the result of the annual average temperature data shows 
that, the years between 1960s and 1970s are very hot and hot years. Temperature data 
analysis show that, annual temperature has increased over that last 60 years and rainfall 
decrease in Reno.  
Data analysis shows that, annual precipitation and temperature could impact wet 
and dry years. However, there are some wet years during hot years, which means 
precipitation has higher impact on wet and dry years. The study analysis shows that 
rainfall occurs mostly between November and February, and temperature increases 
between May and September in Reno. Climate could also impact wet, dry, cool, and hot 
years over time. The annual climate data analysis shows that there is climate variability 
over 60 years in Reno. The monthly climate data analysis over 60 years shows that same 
months could fall in wet years and dry years. For example, January was in a wet year 
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during 1969, while January 2007 was in a dry year. This shows the need of studying and 

















Chapter 4. Analyzing the Impact of Climate Variability on Groundwater and Soil 
Salinity over Reno, NV 
 
Abstract 
This chapter studies the impact of climate variability on groundwater salinity level, which 
could impact water quality. This study evaluates and analyzes groundwater salinity data 
and climate variability data in Reno, NV over 30 years. The study is applied during 
different climate classification to determine the impact of climate variability on 
groundwater salinity level.  
            The TDS data analysis based on climate classification shows that some of salinity 
values were impacted by very wet, wet, average, dry, and very dry years. TDS values 
have increased during the very dry and dry years. However, some of TDS values were 
not impacted by wet and dry years.  
            This study has analyses annual precipitation and temperature combined on salinity 
values during the last 30 years. The results shows that dry year does not mean higher 







Climate variability could impact human’s lives by affecting life sources, such 
water resources. Climate Variability could highly impact arid and semi-arid region, 
which has less amount of water and higher salinity level. Therefore, climate change over 
long time could affect water quantity and quality (Al-Hassoun, 2009).  
Arid regions experience small amount of annual precipitation and high 
evapotranspiration, which could cause salinity accumulation in groundwater and soil. 
Groundwater and soil salinity occurred by natural sources such as rocks or by humans 
activates. The increase of salinity level could impact plants growth in arid environment. 
Many countries face agriculture stress due to salinity increase, which impacts food 
production, economy, and people’s health (Hussain, 2019).  
Arid regions have been affected by salinity over time. About 20 to 50% of global 
water resources are impacted by high salinity, which could impact agriculture environment. 
Global population increase has caused a high demand on food production, which could 
lead to salinity stress especially in arid regions (Pitman, 2002). 
Arid regions have high salinity accumulation in soil and groundwater. Low 
precipitation and irrigation are the main reasons that cause salinity accumulation over 
time. The world population is expected to increase to 9 billion after 20 years, which 
causes urban development increase and higher food demand. Groundwater and soil 
salinity accumulation could cause future crisis (Aly, 2018).  
Salinity accumulation could rise when water table rises, which could impact 
infrastructure. Salinity could damage infrastructure in urban cities. It could cause 
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corrosion and impact roads, pipelines, bridges, and constructions. Therefore, salinity 
could impact human’s safety and cause more infrastructure maintenance (Ridley, 2005).  
 In Australia, salinity has impacted urban and rural lands. Salinity has affected the 
agriculture environment by reducing plants growth. In addition, the impact of salinity on 
infrastructure in urban areas has cost $206 million a year. In Australia, groundwater 
salinity has impacted 180,600 hectares in 2000. Salinity has damaged bridges bases, 
buildings foundations, walls, bricks, and pipelines in Australia (Wilson, 2003). 
Groundwater and soil salinity has increased over long time in Bangladesh. 
Salinity has affected infrastructure in the country. The increase of salinity has impacted 
transportation and caused extra road maintenance. Salinity increase in Bangladesh has 
affected people’s lives in poor areas, where it cost a lot to fix those damages (Dasgupta, 
2014).  
The Objective of this chapter is studying the impact of climate variability on 
groundwater and soil salinity in Reno, Nevada. The study will assume high salinity 
values during dry and hot periods and low salinity values during wet and cool periods. 
This hypothesis will be examined by analyzing precipitation and salinity data.  






4.1 Groundwater in arid regions 
 Groundwater is the water beneath the ground, and it is an important source that 
people use every day to meet their needs. People use groundwater for many activities 
such as, irrigation, manufacturing, and drinking. Groundwater supplies 33% of global 
water need. Many countries depend on groundwater for agriculture environment and food 
production. The quantity and the quality of groundwater are important to cover the global 
demand increase on water (Famiglietti, 2014). 
 Arid and semi-arid regions have limited water resources compared to humid 
regions. Globally, there are different water resources such as lakes, rivers, and 
groundwater. However, arid regions have mostly groundwater as the only and main water 
resource. The increase of population in arid region has caused water demand increase, 
which could impact groundwater balance. Climate variability could impact groundwater 
balance and it could cause salt accumulation, which could impact water quality (Tian, 
2018). 
 
4.2 Climate variability impact on groundwater salinity 
 Groundwater salinity could be identified by measuring the total dissolved solids 
(TDS) in groundwater samples. The amount of TDS is high in slain water and low in 
regular water. Less than 300 mg/l TDS is rated as a good amount in drinking water and 
more than 1200 mg/l TDS is considered unacceptable amount (Faysal, 2017). 
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 In Iran, climate variability has impacted groundwater salinity overtime. The 
increase of temperature and the decrease of rainfall has cause groundwater and soil 
salinity increase. Therefore, groundwater quality has been affected, which impacted 
agriculture production. Salinity increase has affected many farms, which caused a 
negative economic impact (Akbari, 2020).  
 Globally, there are around 2.5 billion people use groundwater. However, 
groundwater pumping and precipitation reduction cause salinity accumulation at the root 
zoon. Salinity accumulation occurs over decades due to climate variability, especially in 
arid and semi-arid regions. In addition, the increase of annual temperature causes 
evapotranspiration rate increase, which causes salinity level rise during low rainfall 
events (Sahour, 2020).  
 
4.3 Study Area, Reno, Nevada 
Reno city is located in Washoe County in Nevada State, which is surrounded by 
California State from the west, Oregon and Idaho States from the north, and Utah State 
from the east. Nevada State is located in the western region of the United States. Reno is 
located in Washoe county at the western side of Nevada as shown in Figure 7. The 
location of the city is near of the border of California from the west, Sierra Nevada 





4.3.1 Demographic background 
 
Population has been increased by 10% between 2010 and 2020. The total 
population in Reno city is 264,165 with 103.1 square miles land area. There are age, sex, 
and gender diversity in Reno City. The percentage of persons under 5 years old in Reno 
is 6.2%, people over 18 years old is 21.2, people over 65 years old is 14.8%, and 49.5% 
of population are females. There are different races live in Reno, which are 75% white, 
2.8% African American, 1% American Indian, 6.7% Asian, and 24.8% Hispanic or 
Latino (Census Bureau, 2021). 
 
 
4.3.2 Land Use 
 Land use in Reno city is divided into two main categories, which are residential 
and non-residential land use. Residential land use in Reno includes educational facilities, 
parks, religion places, family care facilities, and public service facilities. Urban 
Commercial land use in Reno city includes shops, malls, groceries stores, gas stations, 
and business offices. In addition, part of Reno includes industrial and manufacturing land 
use, such as factories, transportation utility shops, and electric manufacturing. Urban 
environment has grown in Reno over the last years. Therefore, Concreate, buildings, and 
transportation cover big part of the city. Washoe county has a small agriculture land use, 




4.3.3 Environmental Aspects 
 Reno City is located in Nevada state, which has a semi-arid climate. Nevada has a 
big urban environment and a small agriculture environment with limited amount of water. 
The biggest grown plant in Nevada is Alfalfa, which is part of the economy in Nevada 
State. However, growing Alfalfa requires a rich amount of water and it could be impacted 
by semi-arid climate. Reno is part of Nevada, which has a similar natural and urban 
environment. Reno is located near of Lake Tahoe and Sierra Nevada mountains by 
California (Neupane, 2018). 
 
4.3.4 Topography 
 Reno is located 4400 feet above sea level by the Sierra Nevada from the east side 
and the Great basin from the west. Reno’s Topography is part of Nevada State, which has 
a big desert part especially at the south side. The highest elevation in Nevada State is 
about 13,000 feet by the mountain’s areas and 470 feet by Mojave Desert as shown in 
Figure 8. Nevada development has grown and covered a big part of the land. Reno is one 
of the developed and touristy cities in Nevada and it is known as the biggest little city in 
the world. That urban side of Reno has grown over years and supported the economy. 
Sierra Nevada is one of the famous natural locations that receive snow in the winter, 
which helps recharging water resources when it is melted. Nevada faces limited water 
resources due to climate change over time, which could cause economic and development 




4.4 Groundwater in Reno, NV 
Groundwater cover about 30% of the drinking water amount in Washoe county. 
The rest of water need is covered by Truckee River. The increase of population has 
caused a higher water demand at the new development north of Reno city (Berger, 2004). 
Surface water has decreased due to the increase of drought during the past years, which 
caused groundwater demand increase. Reno is located in semi-arid region where 
groundwater could be impacted by climate variability due the decline of rainfall and the 
increase of temperature over time (Farnsworth, 2011). 
  
4.5 salinity Data in Reno, NV 
 Reno is located in arid environment, where salinity could be increased due to 
drought, temperature increase, and annual rainfall decrease. Monitoring groundwater 
salinity level is important to evaluate its impact on water quality. Analyzing salinity level 
requires testing groundwater samples over long time. Long term groundwater salinity 
data is globally limited. However, Reno is one of the cities that has a monitored salinity 
data during the last 30 years. The city has used water quality labs to test and record 





4.6 Methodology   
4.6.1 Data Source 
 This study uses Reno’s annual temperature data and precipitation that was taken 
from NOAA database. In addition, this study uses groundwater salinity data that was 
taken by Nevada Division of Environmental Protection, which has the groundwater 
salinity data available at Nevada Drinking Water Information System (NDWIS). The 
Drinking Water Branch has annual groundwater salinity data tested and recorded by 
Nevada Stata Public Health Lab and Western Environment Testing Labs. The 
groundwater salinity tests were done in different years during the last three decades. 
4.6.2 Data Specifications 
The data chosen for this study met a number of criteria.  These criteria include; wells 
located in Washoe County, wells considered active, sampling of the well and not the 
distribution system, sufficient number of samples taken over an extended time period, 
and proximity to Reno, NV.  The available groundwater testing records included over 
100 different water systems in Washoe County, the county Reno, NV, is in. More than 
half of the 100 wells were inactive, and they were excluded from this study. In addition, 
this study excluded the active wells that have short term data or testing results from 
samples obtained after water treatment. The study also chose the wells that is located 
within 10 miles of Reno, NV. Therefore, this study has chosen three wells that match the 
previous criteria. This study analyzes salinity data in three different local wells in Reno, 
NV as shown in Figure 27.  
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Figure 22. Groundwater wells locations in Washoe county (USGS, 2021). 
4.6.3 Data Processing  
 This study will evaluate groundwater salinity data and climate variability data for 
the identified wells in Reno, NV, (Chapter 3) to analyze the impact of climate variability 
on groundwater salinity over time. This study uses trend analysis by graphing to study 
groundwater salinity data and climate data over long-term. Data analysis is applied 
during very wet, wet, dry, and very dry years to evaluate salinity values during those 







This study presents groundwater salinity change in Reno over time 
4.7.1 Crystal Peak Park Well  
The salinity found for the Crystal Peak Park Well varied from 93 to 180 and was 
taken over a range of years starting in 1991 and ending in 2018. Figure 28 shows the 
distribution of the data from the Crystal Peak Park Well. In addition, Figures 29 and 30 
show the annual average temperature and Rainfall with TDS values. 
 


































Figure 24. Annual average temperature with TDS values. 
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This study presents Crystal Peak Park well salinity data during different climate 
classifications, which start from 1991 to 2017 as shown in the following plot in Figures 
31, 32, and 33.  
 
Figure 26. TDS values for the very wet years 1996 and 2017. The TDS values for 1997 to 
2016 are provided for comparison. 
 
Figure 27. TDS values for the dry years 1991 and 2011.  The TDS values for 1992 to 



































Figure 28. TDS values for the very dry years 1999 and 2019. The TDS values for 2000 to 
2018 are provided for comparison. 
 
          Salinity values have changed in Crystal Peak Park well during the very wet years 
and the dry years. Salinity data are not available during the wet years.  
 
4.7.2 Empire Mining Co. Well  
The salinity found for the Empire Mining Co Well varied from 368 to 573 and 
was taken over a range of years starting in 1995 and ending in 2018.  Figure 34 shows the 
distribution of the data from the Empire Mining Co. Well. In addition, Figures 35 and 36 
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Figure 31. Annual average rainfall with TDS values. 
 
 
       This study presents Empire Mining Company well salinity data starts from 1987 to 
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Figure 33. TDS values for the wet years 2015 and 2018. 
 
Figure 34. TDS values for the dry years 2000 and 2012. The available TDS values for 

































Figure 35. TDS value for very dry year 2003. 
 
           Salinity values have changed in Empire Mining Company well during the very wet 
years and changed during the dry and the very dry years. Salinity data are available 
during the very dry years only in 2003, which is the highest value of 573 Mg/l.  
 
4.7.3 Crystal TP Well 
The salinity found for the Crystal TP Well varied from 120 to 210 and was taken 
over a range of years starting in 1992 and ending in 2010. Figure 41 shows the 
distribution of the data from the Crystal TP Well. In addition, Figures 42 and 43 show the 
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Figure 38. Annual average precipitation with TDS values. 
 
            This study presents Crystal TP well salinity data starts from 1990 to 2016 as 
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Figure 40. TDS value for the wet years 2004, 2010, and 2016. Additional TDS values are 
provided for comparison. 
 
 
Figure 41. TDS value for the dry years 1992 and 2007. Additional TDS values are 





























            The study has evaluated and analyzed groundwater salinity values in Reno, NV 
during the last Three decades. The groundwater data was available and tested by Nevada 
State Public Health Lab and Western Environmental Testing Labs. The groundwater 
salinity data start from 1980 to 2018 (NDWIS, 2021). 
            The groundwater salinity study was applied in Reno during four climate 
classifications, which are very wet years, wet years, dry years, and very dry years. The 
study result shows that salinity values are impacted by climate variability during the wet, 
very wet, dry, and very dry periods. The results show that, salinity level increases during 
the dry years and decrease during the wet years over the last 30 years.  
            Groundwater salinity value in Crystal Peak Park well has increased from 93 mg/l 
in 1991 to 180 mg/l in 2011 during the dry years. Salinity value has decreased to 160 
mg/l in 2017, which is a wet year. In Empire Mining Company well, groundwater salinity 
has decreased between 1995 and 1996 from 374 mg/l to 368 mg/l during the wet years. In 
the other hand, salinity values are 420 mg/l in 2000 and 490 in 2012. Salinity value was 
573 mg/l during 2003, which is a very dry year. In Crystal TP well, Salinity value has 
decreased during the wet years from 195 mg/l to 186 mg/l. In addition, salinity value has 
increased during the dry years from 156 mg/l to 170 mg/l. 
            Semi-arid regions experience higher groundwater salinity during dry seasons and 
lower salinity level during wet seasons. In Bangladesh, groundwater salinity study has 
explained that salinity level has increased 28% during dry seasons. The study stated that 
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the annual rainfall amount has impacted salinity level between 2001 and 2009 in 
Bangladesh (Dasgupta, 2015). This study has analyzed climate classifications for 5 years 
before each TDS tests were taken to determine the impact of the pervious wet and dry 
years on current TDS values as shown in Table 17, 18, 19, 20, 21, and 22.  
 
Table 17. Climate classifications for 5 years before the years based on precipitation data 


















wet average dry average dry dry 1991 93 
average wet wet Very 
wet 
wet very wet 2017 160 
dry very wet very wet average very wet very dry 1999 162 
dry dry average dry very wet very wet 1996 165 
dry average wet dry dry dry 2011 180 
average wet wet very wet wet wet 2019 180 
 
            Climate classifications analysis in Table 17 shows that, most of TDS values are 
not impacted by annual precipitation during the previous 5 years.  
 Table 18. Climate classifications for 5 years based on annual temperature data before the 


















average average average average average average 1991 93 
very hot hot very hot very hot very hot very hot  2017 160 
hot average average average average hot 1999 162 
hot average average hot average average 1996 165 
hot hot hot hot hot hot 2011 180 
hot hot hot hot hot hot 2019 180 
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            Climate classifications analysis in Table 18 shows that, most of TDS values are 
impacted by annual temperature during the previous 5 years.  
Table 19. Climate classifications for 5 years before the years based on precipitation data 


















dry dry average dry very wet very wet 1996 368 
dry dry dry average dry very wet 1995 374 
Very 
wet 
very wet average very wet very dry dry 2000 420 
very dry average wet wet Very 
wet 
wet 2018 450 
wet dry dry Very dry average wet 2015 460 
dry dry average wet dry dry 2012 490 
Very 
wet 
Very dry dry very dry average very dry 2003 573 
 
           Climate classifications analysis in Table 19 shows that, some of TDS values could 
be impacted by annual precipitation during the previous 5 years.  
Table 20. Climate classifications for 5 years based on annual temperature data before the 



















average hot average hot average average 1996 368 
average average hot average hot average 1995 374 
average average average average hot hot 2000 420 
hot very hot very hot very hot very hot very hot 2018 450 
hot hot very hot hot very hot very hot 2015 460 
hot hot hot hot hot very hot 2012 490 
average hot hot hot hot hot 2003 573 
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            Climate classifications analysis in Table 20 shows that, some of TDS values are 
impacted by annual temperature during the previous 5 years. 
 
Table 21. Climate classifications for 5 years based on annual precipitation data before the 


















wet average dry average dry dry 1991 93 
dry dry very dry average wet wet 2016 120 
wet dry average wet dry dry 2010 150 
average dry average dry dry dry 1992 156 
average very dry wet wet average very dry 2007 170 
average dry very wet very wet average very wet 1998 186 
dry dry dry average dry very wet 1995 195 
very dry dry very dry average very dry wet 2004 210 
 
            Climate classifications analysis in Table 21 shows that, some of TDS values could 
be impacted by annual precipitation during the previous 5 years. 
Table 22. Climate classifications for 5 years based on annual temperature data before the 



















hot very hot hot very hot very hot very hot 2016 120 
hot hot hot hot hot hot 2010 150 
average average average average average hot 1992 156 
hot hot hot hot hot hot 2007 170 
average hot average average average average 1998 186 
average average hot average hot average 1995 195 
hot hot hot hot hot hot 2004 210 
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            Climate classifications analysis in Table 22 shows that, some of TDS values are 
not impacted by annual temperature during the previous 5 years. 
            This study presents the impact of the previous 5 years on TDS values in the three 
identified wells as shown in Tables 23 and 24.  
Table 23. Climate classifications based on annual precipitation data for 5 years before the 
years TDS values were taken.  




MG/L 5 4 3 2 1 Year 
Wet Average Dry Average Dry Dry 1991 93 
Dry Dry Very Dry Average Wet Wet 2016 120 
Wet Dry Average Wet Dry Dry 2010 150 
Average Dry Average Dry Dry Dry 1992 156 















Very Dry 1999 162 






Average Very Dry Wet Wet Average Very Dry 2007 170 
Dry Average Wet Dry Dry Dry 2011 180 
Average Wet Wet 
Very 
Wet 














Very Dry Dry Very Dry Average Very Dry Wet 2004 210 

















Very Dry Dry 2000 420 
Very Dry Average Wet Wet 
Very 
Wet 
Wet 2018 450 
Wet Dry Dry Very Dry Average Wet 2015 460 
Dry Dry Average Wet Dry Dry 2012 490 
Very 
Wet 




Table 24. Climate classifications based on annual temperature data for 5 years before the 
years TDS values were taken.  
 
            The climate classifications and TDS data analysis shows that, annual precipitation 
does not have a direct impact on groundwater salinity in Reno during the last three 
decades. In addition, annual temperature was very hot and hot during low and high 
salinity values, which shows that annual temperature did not have an impact on salinity 




Mg/l 5 4 3 2 1 Year 
average average average average average average 1991 93 
hot very hot hot very hot very hot very hot 2016 120 
hot hot hot hot hot hot 2010 150 
average average average average average hot 1992 156 
very hot hot very hot very hot very hot very hot  2017 160 
hot average average average average hot 1999 162 
hot average average hot average average 1996 165 
hot hot hot hot hot hot 2007 170 
hot hot hot hot hot hot 2011 180 
hot hot hot hot hot hot 2019 180 
average hot average average average average 1998 186 
average average hot average hot average 1995 195 
hot hot hot hot hot hot 2004 210 
average hot average hot average average 1996 368 
average average hot average hot average 1995 374 
average average average average hot hot 2000 420 
hot very hot very hot very hot very hot very hot 2018 450 
hot hot very hot hot very hot very hot 2015 460 
hot hot hot hot hot very hot 2012 490 
average hot hot hot hot hot 2003 573 
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during the last three decades. For further analysis, this study has analyzed the impact of 
annual precipitation and temperature combined on salinity values as shown in Table 25.  
Table 25. Climate classifications based on annual temperature and precipitation data for 5 
years before the years TDS values were taken. 





Mg/l 5 4 3 2 1 Year 
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            Annual temperature and precipitation analysis in Table 25 shows a combined 
impact on some years such as 2003, which had 5 previous hot and dry years. However, 
some years such as 2010 has law TDS value after 5 hot and dry years. That shows annual 
temperature and precipitation combined don’t have direct impact on salinity values in the 
three local well.  
 
4.9 Conclusion 
            This chapter’s goal is to study and evaluate groundwater salinity data and climate 
variability data in Reno, NV over 30 years. The study was applied during different 
climate classification to determine the impact of climate variability on groundwater 
salinity level.  
            This chapter shows has examined if groundwater salinity decreases during wet 
years and increases during dry years. In addition, this chapter has examined if 
groundwater salinity increases during hot years and decreases during cool years. The 
TDS data analysis based on climate classification shows some salinity values trend with 
annual temperature and precipitation. TDS values have increased during some dry and 
hot years. However, TDS values were law during other hot and dry years. This study 
shows that annual temperature and precipitation don’t have a direct impact on salinity 
values in Reno.  
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Chapter 5. Summary and Conclusions and Recommendations 
 
 
5.1 Summary and Conclusion  
            Climate is an important part in life and climate change could impact people, 
wildlife, and animals. Climate variability could impact water resources around the world. 
Arid and semi-arid regions have less water resources and could be highly impacted by 
climate variability. This study uses long term precipitation and temperature data to 
analyze climate variability over Reno, NV and analyze the impact of climate variability 
on groundwater salinity over the same area.  
            Arid regions have high population and people depend on groundwater as a main 
water resource. This study shows that climate variability could impact groundwater and 
cause water crises. Moreover, that could affect agriculture, and food production growth, 
which could cause economic and health negative impacts. Monitoring change climate and 
collecting long term data is important to analyze and understand climate variability. 
In order to analyze climate variable over Reno, this study has analyzed long term 
climate data to evaluate and understand climate behavior. This study has analyzed 
climate data over 60 years in Reno City. The data analysis was based on climate data that 
was collected from NOAA data base. 
 The result of this study shows that Reno has five climate classifications based on 
precipitation and temperature data from 1960 to 2018. Those classifications for 
precipitation data are very wet years, wet years, average years, dry years, and very dry 
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years. The classifications for Temperature data are very cool years, cool years, average 
years, hot years, and very hot years. Based on the precipitation data, the study result 
shows that, the very wet and wet years were mostly occurred in 1960s, to 1980s. That wet 
period was followed with dry and very dry years starting from 1990s. Based on the 
temperature data, The very cool and cool years were occurred in 1990s and 2000s and the 
very hot and hot years are mostly in 1960s, 1970s, and part of 1980s.  
 The total annual precipitation analysis shows a rainfall decrease starting from 
1980s. There are 5 years of high total annual rainfall value above 12 inches, which is 
above the average value of 7.5 inches. The average annual temperature has increased 
over the last 60 years in Reno. The recent years data shows a higher temperature increase, 
which show climate change over long time. The change of annual temperature and the 
annual rainfall could impact the wet, cool, dry, and hot years.  
            The TDS data analysis based on climate classification shows that some of salinity 
values were impacted by very wet, wet, average, dry, and very dry years. TDS values 
have increased during the very dry and dry years. However, most of TDS values were not 
impacted by wet and dry years. This study shows that dry year does not mean higher 




5.2 Recommendations for future research 
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            The Study has evaluated and analyzed climate variability in arid and semi-arid 
regions. The result of this study shows that climate variability could impacts water 
quantity and quality. This study suggest that future research should explore the impact of 
annual precipitation and temperature impact on ground salinity in different semi-arid 
location and compare the results to this study. 
           Long term groundwater salinity data is limited, which could impact the accuracy 
of the results. This study has used limited groundwater salinity data that was recorded in 
different years. Future study should explore big and high-quality salinity data that include 
water table level, recharging, and vegetation information to analyze other impacts on 
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